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© Color-coated article and method for producing the same. 



© A brown coated article which exhibits stable col- 
or is provided by the composition and structure of a 
zinc hot-dip galvanizing layer. The zinc hot-dip gal- 
vanizing layer consists essentially of from 1 to 1 5% 
by weight of Fe and from 0.05 to 1 % by weight of 



Mn. and balance of Zn. A brown Zn-Mn-Fe oxide 
layer is present on the surface of the zinc hot-dip 
galvanizing layer. 
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COLOR-COATED ARTICLE AND METHOD FOR PRODUCING THE SAME 



BACKGROUND OF INVENTION 



1 . Field of Invention 

The present invention relates to a color coated- 
article and method for producing the same. More 
particularly, the present invention relates to a color 
coated-article, in which the zinc hot-dip galvanizing 
layer is developed to produce the color brown, as 
well as to a method for producing the same. 



2. Description of Related Arts 

It is known heretofore that color can be devel- 
oped using the method of color interference. In this 
method, zinc hot-dip galvanizing is carried out in a 
plating bath with additives of approximately 0.5% 
by weight of Mn and/or Ti, and, then, the plating 
layer is oxidized to form an oxide layer of Ti and/or 
Mn. This method involves, however, a drawback in 
that the color is not maintained for a long period, 
and, further, the shades of brown are not formed 
because the color development is due to interfer- 
ence. In such a construction as a steel tower, a 
brown appearance is sometimes desired, since it 
harmonizes with the surroundings and environment. 
When the color initially developed on, for example, 
a steel tower, is stably maintained, an observer 
does not have the impression that the color has 
faded. Since a spotted appearance is not given, the 
stability of color is desirable from the point of view 
of aesthetics. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to pro- 
vide a zinc plated article, which exhibits a brown 
color and whose brown color is stably maintained. 

. It is also an object of the present invention to 
provide a zinc hot-dip galvanized article to be sub- 
jected to the brown-color development, which arti- 
cle causes neither peeling of the zinc plating layer 
from a steel substrate during the plating and sub- 
sequent steps, nor cracking of the plating layer. 

It is a further object of the present invention to 
provide a method for producing the zinc-plated 
article mentioned above. 

In accordance with the objects of the present 
invention, there is provided a brown coated article 
which consists of an iron substrate, a zinc hot-dip 



galvanizing layer consisting essentially of from 1 to 
15% by weight of. Fe and from 0.05 to 1% by 
weight of Mn, and the balance of Zn, and a brown 
Zn-Mn-Fe oxide layer which is present on the top 
5 surface of the zinc hot-dip galvanizing layer. 

According to the present invention, the desired 
brown color is developed by means of oxidizing the 
surface of the zinc bot-dip galvanizing layer con- 
taining the above mentioned content of Fe and Mn. 
io The brown color herein is the one indicated by 
5Y/L - Dk, 5YR/Dk and 5Gy/Dk of Hue and Tone 
Graph ("Color Image Dictionary" published by 
Kodansha on May 20, 1989, page 186). This brown 
color is not developed by the conventional, zinc 
75 hot-dip galvanizing layer exhibiting the interference 
color, but is the color of the Zn-Mn-Fe oxide per 
se. The above mentioned content of Fe and Mn is 
desirable for weather resistance, since the brown 
color does not fade easily when the coating article 
20 is exposed to weather. 

The zinc hot-dip galvanized article to be sub- 
jected to the preparation of the brown coated arti- 
cle, hereinafter referred to as the intermediate arti- 
cle, according to the present invention, is char- 
25 acterized in that: 

(1) it consists of an iron substrate and a zinc 
hot-dip galvanizing layer which comprises at its 
top surface an tj phase and a f phase below the 
7} phase; or 

30 (2) it consists of an iron substrate and a zinc 
hot-dip galvanizing layer which comprises at its 
top surface a Mn-oxide phase and a f phase 
below the Mn-oxide phase. 
The common feature of these intermediate arti- 
35 cles resides in that a 5i phase which causes the 
peeling and crack mentioned above is absent in 
the top surface of the zinc hot-dip galvanizing 
layer. 

The zinc hot-dip galvanizing layer of the inter- 
40 mediate articles preferably contains from 1 to 15% 
by weight of Fe and from 0.05 to 1% by weight of 
Mn. 



45 DESCRIPTION OF PREFERRED EMBODIMENTS 



The method for producing the brown coated 
article and the intermediate articles are hereinafter 
so described. 

Zinc used for the plating bath in the method 
according to the present invention may be distilled 
zinc metal, grade 1 (98.5% or more of purity), the 
purest zinc metal (99.995% by weight or more of 
purity), or electric zinc metal (99.99% by weight or 
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more of purity). For example, the distilled zinc 
metal, grade 1 , mentioned above contains 1 .5% by 
weight or less of Pb, 0.1% by weight or less of Cd, 
and 0.02% by weight or less or Fe as the impuri- 
ties. When it is desirable to intentionally exclude 
Pb and/or Cd, zinc metal containing 0.005% by 
weight or less of these elements should be used. 
When it is desirable to exclude impurities as much 
as possible, the purest zinc metal or electric zinc 
having 0.01% by weight or less of the , total con- 
tents of the impurities should be used. 

The plating is carried out using the bath of 
molten zinc with the additive of from 0.05 to 1 .0% 
by weight of Mn. The Mn in an amount of from 
0.05 to 1.0% by weight is necessary for developing 
the brown color in the succeeding oxidizing treat- 
ment. It is not necessary to add Fe to the molten 
zinc bath, because Fe is fed to the zinc hot-dip 
galvanizing layer from the steel substrate. A part of 
from 1 to 15% by weight of Fe may however be 
present in the molten zinc bath. 

In order to carry out the hot-dip galvanizing, an 
iron object is dipped in the above mentioned plat- 
ing bath at a temperature of from 430 to 600 "C, 
preferably from 430 to 480* C, for at least 1 
minute. On the surface of this plated iron substrate, 
a Mn-oxide phase is present. Beneath this phase, a 
Zn-Mn phase is present. Further beneath, a Zn-Mn- 
Fe phase is present and extends to the steel sub- 
strate. Thus, a multi-layer structure consisting of 
these phases is provided. The Mn-oxide phase, 
which is present on the top part of the multi-layer 
structure, does not exhibit the brown color. 

According to one of the methods for develop- 
ing a brown color, the Mn-oxide phase and the Zn- 
Mn phase are removed mechanically, e.g., by 
grinding, or chemically, e.g.. by etching, so as to 
expose the Zn-Mn-Fe phase, which is then ox- 
idized. 

According to another method for developing a 
brown color, the Zn-Mn phase is totally converted 
to the Zn-Mn-Fe phase by means of heating after 
the plating. The Zn-Mn-Fe phase is then oxidized. 
Heating is desirably carried out at a temperature of 
from 440 to 600* C for from 30 seconds to less 
than 100 minutes. This heating only leads to the 
development of greenish brown. However, when 
the coated article, in which the top layer is the Mn- 
oxide phase and the underlying layer is the Zn-Mn- 
Fe phase by the moisture in the air and by rain, 
and then the surface of the Zn-Mn-Fe phase is 
oxidized, thereby developing a brown color after 
one or two months. The treatment by this method, 
however, takes too long. 

According to another method for developing a 
brown color, the plated and then heated pieces are 
dipped in an acidic solution containing an oxidizing 
agent. In this solution, the Mn-oxide phase is dis- 
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solved and the surface of the Zn-Mn-Fe alloy 
phase is oxidized. The oxidizing agent herein may 
by any capable of oxidizing the Zn-Mn-Fe alloy. 
H 2 0 2 , O2, KMnO*. K2O2O7. and NaN0 2 are pre- 

5 ferred as the oxidizing agent, especially KMnO* 
and K 2 Cr 2 07. The acid may be any capable of 
dissolving the Mn oxide. Mineral acid is preferred, 
of which H 2 S04, HCI, and HNO3 are especially 
preferred. pH of the acidic solution may be such 

10 that the Mn-oxide is dissolved, but the Zn-Mn-Fe 
alloy is not dissolved drastically, and, further, the 
oxidation effect of the oxidizing agent is not im- 
peded essentially. The pH level is preferably from 
1 to 3. Below pH 1, the Zn-Mn-Fe alloy is consider- 

15 ably dissolved. Above pH 3. a long time is required 
for the color development 

A brown color is developed by means of im- 
mersing the object under preferred conditions, for 
from several tens of seconds to several minutes. 

20 The zinc hot-dip galvanizing layer formed by 

using the Mn-containing plating bath may peel from 
the iron substrate during cooling after the zinc hot- 
dip galvanizing, or may crack during the post- 
plating heating step. This problem is associated 

25 with the fact that, when the zinc hot-dip galvanizing 
layer contains Mn, Mn promotes the alloying of Fe 
and Zn and hence facilitates formation of 5i phase 
(FeZn7 phase) in the zinc hot-dip galvanizing layer. 
It turned out that the 5i phase present in the top 

30 surface of the zinc hot-dip galvanizing layer makes 
the peeling and cracking of the plating layer easy 
to take place. In order to avoid such problems, the 
multi-layer structure of the intermediate article (1) 
mentioned above is preferred, i.e. , the top layer of 

35 the zinc hot-dip galvanizing layer is n phase, and 
its underlaying layer is f phase. The ij phase has 
the hexagonal structure of pure zinc, and contains 
in this structure 0.05 - 1% by weight of Mn and 
0.003% by weight of Fe as the solute atoms. The 

40 balance of Mn and Fe is Zn except for the unavoid- 
able impurities. On the other hand, phase is based 
on the FeZni 2 , in which the coloring elements, 
such as 0.05 - 1% by weight of Mn, are contained. 
These two phases contain less Fe than the 5t 

45 phase. These two phases have therefore features 
that: they are formed by the suppression of the 
reaction of Fe and Zn: further, they are highly 
resistant to the internal stress generated in the 
plating layer during the post-plating cooling, and to 

50 the external stress applied to . the plating layer 
during the post-plating heating. In order to form the 
7} and f phases, the temperature of the plating bath 
should be set in the preferred range mentioned 
above. When the temperature of the plating bath is 

55 lower than 430* C, the zinc hot-dip galvanizing be- 
comes difficult. On the other hand, when the tem- 
perature of the plating bath is higher than 480 * C, 
the f phase disappears, and the reaction between 

3 
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Fe and Zn is undesirably promoted by Mn under 
the effects of the high temperature, thereby result- 
ing in active formation of the 6 t phase. 

The generation of a crack and the phase struc- 
ture of the plating layer are described with refer- 
ence to Figs. 1 and 2. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a microscope photograph 
(magnification 500) showing the cross sectional 
structure of a coating of a steel substrate, which 
has been zinc hot-dip galvanized in a plating 
bath as 480 ° C for 3 minutes, and then heated 
at 490° C for 6 minutes. 

Fig. 2 is a microscope photograph 
(magnification 500) showing the cross sectional 
structure of a coating of a steel substrate, which 
has been zinc hot-dip galvanized in a plating 
bath at 540 * C for 3 minutes, and then heated at 
540° C for 10 minutes. 
In the zinc hot-dip galvanizing layer shown in 
Fig. 1, an ^ phase (top layer) and J* phase (lower 
layer) were formed directly after the plating. The jj 
phase was decomposed, due to the heating at 
490 "C, into the top part mainly composed of the 
Mn oxide, and the underlying part which was 
changed to the £ phase. The intermediate article 
(2) according to the present invention, was there- 
fore provided. In this intermediate article, the f 
phase formed by the zinc hot-dip galvanizing re- 
mains, but becomes thicker, due to heating, as 
compared with the thickness directly after the plat- 
ing. The thickness of the Si phase becomes great- 
er somewhat due to the heating. The thickness 
change is however not prominent. 

The sample treated as described above did not 
crack. The Mn-oxide layer of the sample teated as 
above was dissolved, followed by converting the f 
phase to an oxide. As a result, the desired brown 
color could be obtained. 

In the sample shown in Fig. 2, a crack was 
generated during the heating at 540° C. The reason 
for the crack generation was that the temperature 
of the plating bath, at 540° C, was too high. The 
layer-structure after heating was such that Mn- 
oxide constituted the surface layer, and, further, the 
Si phase was present consistantly between the 
surface layer and the iron substrate. This 5i phase 
had a composition of Zn^Mn-Fe and developed a 
brown color by means of oxidizing. 

The present invention is hereinafter described 
with reference to the examples. 



Example 1. 



A steel sheet (SS41) 50mm in width, 100mm in 
length, and 3.2mm in thickness was dipped for 30 
minutes in an alkaline bath having a temperature of 
80 °C to degrease it. The steel sheet was then 

5 rinsed with hot water, and was then dipped for 30 
minutes in a 10% hydrochloric acid solution at 
room temperature to descale it. Subsequently, the 
steel sheet was subjected to a hot water rinse and 
then a flux treatment using a 35% ZnCte - NhUCI 

70 solution by dipping for 30 minutes in this solution 
at 60° C. The steel sheet, which was subjected to 
the pretreatment as described above, was dipped 
for 1 minute in a plating bath containing 0.5% by 
weight of Mn, the balance being Zn at 500° C. After 

75 the zinc hot-dip galvanizing the steel sheet was 
lifted above the plating bath and kept for 60 sec- 
onds in a furnace at 500 * C so as to heat-treat the 
steel sheet. After the heat treatment, the steel 
sheet was allowed to cool, and then dipped for 1 

20 minute in a sulfuric acid solution containing 4g/l of 
KMnO* and having pH of 2. 

A uniform brown color corresponding to 5Y/Dk 
of the Hue and Tone Dictionary was formed on the 
surface of the zinc hot-dip galvanizing layer. The 

25 brown color developed was due to the oxide layer 
formed on the surface of the zinc hot-dip galvaniz- 
ing layer. The composition of the coating was 0.5% 
by weight of Mn, 7% by weight of Fe, and the 
balance being Zn, directly after the zinc hot-dip 

30 galvanizing. 

Example 2 

as A steel sheet (SS41) 50mm in width, 100mm in 

length, and 3.2mm in thickness was dipped for 30 
minutes in an alkaline bath having a temperature of 
80 °C to degrease it. The steel sheet was then 
rinsed with hot water and was then dipped for 30 

40 minutes in a 10% hydrochloric acid solution at 
room temperature to descale it. Subsequently, the 
steel sheet was subjected to a hot water rinse and 
then a flux treatment using a 35% ZnCI 2 - NhUCI 
solution by dipping for 30 minutes in this solution 

45 at 60° C. The steel sheet, which was subjected to 
the pretreatment as described above, was dipped 
for 1 minute in a plating bath containing 0.5% by 
weight of Mn, the balance being Zn at 500° C. After 
the zinc hot-dip galvanizing, the steel sheet was 

50 lifted above the plating bath and kept for 60 sec- 
onds in a furnace at 500 ° C so as to heat-treat the 
steel sheet. After the heat treatment, the steel 
sheet was allowed to cool, and then dipped for 1 
minute in a sulfuric acid solution containing 4g/l of 

55 K2O2O7 and having pH of 2. 

A uniform brown color corresponding to 5Y/Dk 
of the Hue and Tone Dictionary was formed on the 
surface of the zinc hot-dip galvanizing layer. The 
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brown color developed was due to the oxide layer 
formed on the surface of the zinc hot-dip galvaniz- 
ing layer. The composition of the coating directly 
after the zinc hot-dip galvanizing, was 0.5% by 
weight of Mn, 7% by weight of Fe, and the balance 
being Zn. 

Example 3 

A steel sheet pretreated as in Example 1 was 
dipped for 3 minutes in a Zn-alloy bath containing 

0. 3% by weight of Mn. The temperature of the Zn- 
alloy plating bath was fixed at 460* C. After the 
zinc hot-dip galvanizing, the steel sheet was al- 
lowed to cool so as to prepare the intermediate 
article. The zinc hot-dip galvanizing layer of the 
intermediate article contained 5% by weight of Fe 
and 0.3% by weight of Mn. The so-treated sample, 

1. e. , the intermediate article (1), was subjected to 
examination for the presence (absence) of peeling 
and cracks as well as examination of the layer 
structure. It turned out that the top layer -and its 
underlying layer were ^ phase and f phase, re- 
spectively. Neither peeling of the plating layer nor 
cracking of the plating layer was observed in the 
zinc hot-dip galvanizing layer after the cooling. 

Example 4 

A steel sheet pretreated as in Example 1 was 
dipped for 3 minutes in a Zn-alloy bath containing 
0.2% by weight of Mn. The temperature of the Zn- 
alloy plating bath was fixed at 450* C. After the 
zinc hot-dip galvanizing, the steel sheet was al- 
lowed to cool. Subsequently, the steel sheet was 
heated at 500 *C for 10 minutes and was allowed 
to cool. The zinc hot-dip galvanizing layer of the 
intermediate article contained 9% by weight of Fe 
and 02% by weight of Mn. The so-treated sample, 
i.,e. f the intermediate article (2), was subjected to 
examination for the presence (absence) of peeling 
and cracks as well as examination of the layer 
structure. It turned out that the top layer of the zinc 
hot-dip galvanizing layer was greenish brown and 
was mainly composed of MnO, and, further, its 
underlying layer was composed of f phase. No 
.peeling of the plating layer was observed. By using 
an optical microscope at a magnification of 200, no 
cracking of the plating layer was observed in the 
zinc hot-dip galvanizing layer. 

Reference Example 1 

(An example for the purpose of comparing with the 



results of Example 3) 

A steel sheet pretreated as in Example 1 was 
dipped for 3 minutes in a Zn-alloy bath containing 

5 0.3% by weight of Mn. The temperature of the Zn- 
alloy plating bath was fixed at 500° C. After the 
zinc hot-dip galvanizing, the steel sheet was al- 
lowed to cool so as to prepare the intermediate 
article. The zinc hot-dip galvanizing layer of the 

70 intermediate article contained 8% by weight of Fe 
and 0.3% by weight of Mn. The so-treated sample 
was subjected to examination for the presence 
(absence) of peeling and cracks as well as exami- 
nation of the layer structure. The ?j and Si phases 

15 were observed, but the £ phase was not observed. 
No cracking of the plating layer was observed in 
the zinc hot-dip galvanizing layer after the cooling. 
A brown color was difficult to develop by treatment 
using the acidic solution containing an oxidizing 

20 agent, as in Example 1. In addition, the brown 
oxide layer was easily removed by rubbing the 
plated layer. 

25 Example 5 

■ A steel sheet (SS41) 50mm in width. 10mm in 
length, and 3.2mm in thickness was dipped for 30 
minutes in an alkaline bath having a temperature of 

30 80* C, to degrease it. The steel sheet was then 
rinsed with hot water, and was then dipped for 30 
minutes in a 10% hydrochloric acid solution at 
room temperature to descale it. Subsequently, the 
steel sheet was subjected to a hot water-rise and 

35 then flux treatment using a 35% ZnCb - NhUCI 
solution by dipping for 30 minutes in this solution 
at 60 * C. The steel sheet, which was subjected to 
the pretreatment as. described above, was dipped 
for 1 minute in a plating bath containing 0.5% by. 

40 weight of Mn, the balance being Zn at 480* C. After 
the zinc hot-dip galvanizing, the steel sheet was 
lifted above the plating bath and kept for 60 sec- 
onds in a furnace at 500* C so as to heat-treat the 
steel sheet. After the heat treatment, the steel 

45 sheet was allowed to cool, and then dipped for 1 
minute in a sulfuric acid solution containing 4g/J of 
K2CX2O7 and having pH of 2. 

A uniform brown color corresponding to 5Y/Dk 
or the Hue and Tone graph was formed on the 

50 surface of the zinc hot-dip galvanizing layer. The 
brown color developed was due to the oxide layer 
formed on the surface of the zinc hot-dip galvaniz- 
ing layer. The composition of the coating directly 
after the zinc hot-dip galvanizing was 0.5% by 

55 weight of Mn, 6% by weight of Fe, and the balance 
being Zn. In the colored plating layer obtained 
under the above described temperature condition 
the £ phase remained beneath the top layer, as 
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contrary to that of Example 1. No cracks were 
therefore observed with an optical microscope at 
magnification of 200. 

According to the present invention, the produc- 
tion steps and period are shorter than those of a 
method, in which the zinc hot-dip galvanizing, un- 
dercoat treatment, and coating with brown paint are 
successively carried out. In addition, acccording to 
the present invention, brown oxide having good 
adherance is formed, and, further, even if such 
oxide peels, the underlying surface is oxidized to 
develop the brown color. The brown color is there- 
fore maintained for a long period of time due to the 
color restoration. 



Claims 

1 . A brown coated article which consists of an iron 
substrate, a zinc hot-dip galvanizing layer consist- 
ing essentially of from 1 to 15% by weight of Fe 
and from 0.05 to 1% by weight of Mn, and balance 
of Zn, and a brown Zn-Mn-Fe oxide layer which is 
present on the top surface of the zinc hot-dip 
galvanizing layer. 

2. A brown coated article according to claim 1, 
wherein an article, consisting of an iron substrate 
and a zinc hot-dip galvanizing layer which com- 
prises at its top surface an r\ phase and a f phase 
below the -q phase is heated to convert a top 
surface of the zinc hot-dip galvanizing layer to a 
Mn-oxide phase and to form a f phase below the 
Mn-oxide phase. 

3. A brown coated article according to claim 2, 
wherein the hot-dip galvanizing is carried out at a 
temperature of from 430 to 600° C in a molten Zn 
plating bath containing from 0.05 to 1% by weight 
of Mn, and, further the heating is carried out at a 
temperature of from 440 to 600° C for 30 seconds 
to less than 100 minutes. 

4. A brown coated article according to claim 2, 
wherein the Mn oxide phase is brought into contact 
with an acidic solution containing oxidizing agent to 
dissolve the same, and to oxidize the { phase. 

5. A zinc hot-dip galvanized article to be subjected 
to the preparation of the brown coated article, con- 
sisting of an iron substrate and a zinc hot-dip 
galvanizing layer which comprises at its top surface 
an 77 phase and a f phase below the t? phase. 

6. A zinc hot-dip galvanized article to be subjected 
to the preparation of the brown coated article, con- 
sisting of an iron substrate and a zinc hot-dip 
galvanizing layer which comprisesat its top surface 
a Mn-oxide phase and a $• phase below the Mn- 
oxide phase. 

7. A zinc hot-dip galvanized article to be subjected 
to the preparation of the brown coated article, ac- 
cording to claim 5 or 6, wherein the zinc hot-dip 



galvanizing layer contains as the metallic compo- 
nents from 1 to 1 5% by weight of Fe and from 0.05 
to 1 % by weight of Mn. 

8. A method for producing a brown coated article, 
5 wherein an iron substrate is dipped at a tempera- 
ture of from 430 to 600° C in a molten Zn plating 
bath containing from 0.05 to 1% by weight of Mn, 
so as to zinc hot-dip galvanize the same, a heat 
treatment is carried out to convert the Zn-Mn 
io phase formed by' the zinc hot-dip galvanizing to a 
Zn-Mn-Fe phase, and, subsequently the zinc hot- 
dip galvanizing layer is brought into contact with an 
acidic aqueous solution containing an oxidizing 
agent. 

75 9. A method according to claim 8, wherein the heat 
treatment is carried out at a temperature of from 
440 to 600° C for from 30 seconds to less than 100 
minutes. 

10. A method according to claim 8. wherein the 
20 oxidizing agent is one of KMn04 or K2O2O7. 
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